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Numerous studies on host—parasite relationships have been made which
involve Hymenolepis diminuta. It is believed by some investigators, such
as Chandler (‘39), that with the accumulation of data pertaining to the
physiological nature of ~ diminuta, techniques for producing immunity will
ultimately be accomplished. Working toward this goal, Chandler (‘43)
started investigations into the problem of nutrition of this tapeworm. These
investigations were continued and extended by Addis and Chandler (‘44, ‘46).
The findings showed that & diminuta was entirely dependent upon the diet
of the host for carbohydrates, but not so in the case of proteins and some
vitamins. Addis (‘46) linked the nutrition of the worm with the sex hor
mones of the host, because a lack of certain vitamins In the diet of female
rats resulted in a failure of the worms to establish themselves. tinder sim~
ilar experimental conditions, the worms were established in male rats.
The present study was undertaken to obtain data concerning the effect
of hypophysectomy in the white rat on the establishment and growth of ~
diminuta in their intestines. Experimental and control rats were used. The
latter were not hypophysectomized1 but were infected with cysticercoids.
The experiment was thus set up to include only two variables which were the
independent and the dependent. The independent variable was represented by




One of the earliest investigators to study the effects of the pituitary
gland in the rat was Smith (‘27). He introduced the parapharyngeal approach
as a method of operation. This technique involves entering along the lateral
wall of the pharynx, leading to the nasal cavity, by making a short longi
tudinal paraseggital incision on the ventral surface of the neck and sepa
rating the fascia and muscles beneath the skin. After producing a route to
the pituitary in this manner, a trephine is used to enter the sphenoid bone
directly beneath the pituitary gland. This method proved superior to the
~ timporal approach used previously ~tiich was to lift up the temporal lobe of
brain to expose and draw out the pituitary. The parapharyngeal method
.~waS also preferable to the buccal approach used then, and even now, by some
investigators. During his investigations Smith demonstrated conclusively
that hypophysectomy of immature rats produced dwarfism.
Smith and Engle (27) also brought forth evidence that permanent sexual
infantilism was produced in immature rats due to the absence of gonadotropic
hormoneS that originate in the anterior lobe of the hypophysis cerebri.
~~They arrived at this conclusion after injecting crushed pituitary gland into
1eg~ muscles of hypophysectomized rats with symptoms of sexual infantilism,
and into normal immature rats. In former cases, the condition was repaired,
and In the latter, precocious sexual maturity was produced. Further investi
gations by Smith (‘30) using the same method of replacement therapy substan
tiated the earlier results.
Later studies produced evidence of the influence of the pituitary gland
upon th~ ~rowt1~ of other parts in the body of the rat. Schour and Van Dyke
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(‘32a) investigated ~he effects of hypophysectomy on the rat incisor.
Their study was based on 23 successfully hypophysectornized rats of ages
ranging from 34 to 64 days old. Intervals between operation and death
ranged from 63 to 459 days. It was found that the rate of eruption of the
incisor was retarded within one week following hypophysectomy, and was pro
gressive to the extent that growth completely stopped before attaining
much size, even in those rats carried to 459 days. In a later study the
same investigators (Sch ur and Van Dyke ‘32b) used the growth hormone as a
replacement therapy and found that this treatment accelerated the rate of
eruption of the incisor after it had been retarded following hypophysectomy.
Schooley, Riddle and Bates (‘41) hypophysectomized pigeons to ascertain
the action of some of the anterior pituitary hormones on various organs of
this animal. Body weight, intestinal length, intestinal weight and villus
length were recorded in normal and hypophysectomized pigeons. They found
that pigeons which had been hypophysectomized for 10 days showed a reduction
of body weight by 20%; intestinal length by 18%; intestinal weight by 43%,
and villus length by 25%. Gaarenstroom (‘46) measured the effect of hypophy~
sectomy in rats on the bowels, the liver, the kidneys, the gastrocnemius
muscle and the skeleton. He found that the growth of the bowels, liver,
kidneys~ and muscle ran parallel with that of the body which after hypophy—
sectomy was retarded. Much earlier Hatai (‘13) had already investigated
the weight of abdominal and thoracic viscera, sex glands, ductless glands,
and the eyeballs of the albino rat, according to body weight. In a thorough,
painstaking method, he weighed individual parts from rats of various sizes
and discovered that the viscera varied in weight according to body weight.
He also observed a sex difference in the weight of the pituitary gland and
intestine in which the female rat had a longer intestine and a heavier
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pituitary gland than the male. Riddle and Flemion (‘28) performed asimi—
lar experiment on pigeons, doves, and rats. In each of the three animals
the females were found to have longer intestines than those of the males.
On weighing the pituitary gland of the two sexes in adult albino rats, the
female pituitary gland weighed approximately 15.8 mgms. and the approximate
weight of the male pituitary gland was 8.9 mgms. The pars nervosa was only
slightly larger in the female, but the pars anterior was m,re than double
that of the male. This led Riddle and Flemion to conclude that the female
intestine was longer because of the larger pituitary gland.
Succeeding studies took on a nore physiological aspect in which Friedman
(‘53) observed the response ~f the gastrointestinal tract in rats to hypophy—
sectomy. The rats were autopsied 8 weeks after operation and it was found
that there was a reduction in weight of the gastrointestinal tract. The
reduction was twice as great in the small intestine when it was compared
with that of the stomach and large intestine. On microscopic examination of
different areas of the gastrointestinal tract Friedman found that the mucosa
was thinner. Haeger, Jacobsohn and Kahlson (‘53) reported similar results
from hypophysectoauized and adrenalectomized cats. The intestines and stom
achs of normal and hypophysectomized cats were removed, and in each case the
lining was scraped and weighed for comparison. The hypophysectomized ani
mals showed a decrease in weight of the mucosa in all of the regions of the
gastrointestinal tract. LeBlond and Carriere (‘55) designed experiments to
determine whether the growth hormone of the anterior pituitary gland and
the thyroid hormone, thyroxine, have a mitogenic effect ~on the intestinal
mucosa. Cell counts of the epithelial tissue of the crypts of Lieberkuhn
were made in which the duodenwn was used as a test site. These counts were
made in normal, hypophysectomized, thyroidectomized, and hypophysectomized—
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thyroidectomized rats. The number of dividing cells in the crypts in in
tact animals was 8.0% of the total number of cells. There was a decrease
to 5.0% by thyroidectcmy and a decrease of 3.9% by hypophysectomy. Treat
ment with the growth hormone increased the mitotic rate, regardless of the
type of operation, and restored it to normal, or close to normal. Dorchester
and Haist (‘53) made a study to determine the effect of hypophysectomy in
rats on the level of secretin in the intestines. It was observed that 4
weeks after hypophysectomy there was a reduction in the weight of the intes
tines, however, reduction in secretin was out of proportion to any change in
intestineal weight They also pointed out that the total amount of extract
able secretin did not change with body weight in intact animals.
Studies by Qiandler (‘39, ‘40, ‘43) gave impetus to numerous works on
host—parasite relationship between Hymenglepis diminuta. and the albino rat.
In one of these studies Q~andler (‘39) introduced the term “crowding effect,”
as a result of observations made while trying to throw light on host—parasite
relations as a foundation for possible production of artificial immunity. He
obtained a strain of & diminuta used in this investigation from a wild
Norwegian rat in Houston, Texas, and mai tamed it in white rats in the lab
oratory. The rats for this study were infected with ~ diminuta cysticer—
coids of numbers varying from 5 to 40. The worms grew very slowly during
the first 5 to 7 days, but grew rapidly thereafter, and reached a definitive
length by the 18th day. It was noted that after the 10th day the rate of
growth depended on the number of worms present. The size of the worms at
maturity was in inverse proportion to the number of worms harbored, and de
creased from nearly 100 cm. in single infections to 30 cm. in infections of
36 worms. Establishment of secondary worms was also in inverse proportion
to the number of primary worms harbored. A single worm reduced the numbers
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of secondary infections by one—half, and in the case of a primary infection
of 36 worms, no secondary infections were established, It was also evident
that the size of the secondary worms was in inverse proportion to the rnn~
ber of primary woxms present, and they decreased in size to one—half in
the presence of one worm, and to one—tenth the normal size in the presence
of 18 worms. If primary worms were allowed to grow past the 13th day sec
ondary infection was inhibited. When carbon tetrachioride was given to ex
pel the worms those remaining increased in size having been relieved of the
“crowding effect.” Qi further investigation ~and1er (‘40) attempted to
produce artificial imrnuaizatinn by feeding rats chopped ~ diminuta and by
the injection of extracts of the worms into the body cavity. These experi
ments failed to produce any effect on the tapeworm infections introduced
later, therefore Q~andler concluded that “prernunition” in tapeworm infection
was due to crowding rather than immunity.
aiandler (‘43) made other investigations in an effort to solve problems
concerning the nutrition of ~ diminuta. Experiments were planned to de
termine whether or not tapewornis get part of their nourishment frcm~ host
tissues since previous observations by ~2iand1er (‘39) led him to believe
that crowded worms developed poorly because of the lack of sufficient contact
with the nucosa of the host. Ma1~ and female white rats were grouped accord
ing to the following four types of diet fed to them~ a diet devoid of pro
teins and vitamins, but consisting of carbohydrates; a diet devoid of pro
teins, but consisting of vitamins and carbohydrates; a diet devoid of vita
mins, but consisting of proteins and carbohydrates, and a complete diet con
sisting of vitamins, proteins and carbohydrates. Each rat was infected with
10 cysticercoids and maintained on one of these diets. Results indicated
that lack of proteins in the diet caused a loss of weight in the rat, but had
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no apparent effect on the tapeworm. Elimination of all vitamins had no ef
fect on the establishment and growth of the worms, but caused some reduction
in the production of eggs by them in male hosts. In female hosts lack of
vitamins produced a failure of the worms to establish themselves. Chandler,
in this same study, then used diets containing only one of the vitamins
used previously plus either proteins or carbohydrates. Findings based on
these experiments demonstrated that jj.e diminuta was totally, independent of
proteins in the host’s diet, but was very dependent on the carbohydrates.
It also seemed evident that this worm was independent of some vitamins, such
as A,D,E, and B1 in the diet, but was affected by the lack of the vitamin G
complex in the female rats and not male rats. Chandler suggested that the
toxic effects produced by tapeworms may be due to absorption by the worms of
proteins and vitamins~ and possibly hormones, from the mucosa of the host.
Addis and Chandler (‘44) continued the above investigations on nutrition
to determine more exactly the relationship between vitamin content of the
host and establishment of ~ dlminuta. The experiments were carried out by
the same method used by Chandler (‘43) except, only female rats were used
since there was an apparent relationship between the vitamin G complex and
the female sex hormones. The rats were kept on diets which varied in their
vitamin content. Each rat was infected with 10 cysticercoids and autopsied
14 days later. These experiments confirmed previous evidence that lack of
some factor associated with the vitamin G complex in the diet of the host
caused marked stunting in the growth of the worms. A deficiency of all of
the vitamins except B3 reduced the number of worms established in the gut of
the host. However, a lack of vitamins A,D,E, and B1 in the diet of the rat
caused an increase in the size of the worms. The authors attributed this to
the sluggishness of the intestines in the host when vitamins are lacking, thus
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giving the worm less movement with which to contend. Since the cysticercoids
were given to some of the rats after a depletion period, and still grew nor
mally, Addis and Q~andler suggested that synthesis of these vitamins by the
worm is possible.
Addis and thandler (‘46) made further studies on the vitamin requirements
of ~. dizuinuta with the hope of determining more about the G complex and its
effect on the growth of the worm. Female rats were used and infected with
the usual number of 10 cysticercoids. The diets were the same as before ex
cept for the addition of autoclaved brewer’s yeast in some cases. The worms
grew normally when the yeast was present even if the hosts were on a vita in
deficient diet. It was concluded that autoclaved brewer’s yeast apparently
contained a factor not present in any of the components of the 6 complex
since the worms failed to grow hormally when these vitamins were present
either singly or in combination.
Addis (‘46) examined further the apparent relationship between the vita
min requirement of the tapeworm and the sex hormone. Male and female rats
were castrated 4 weeks prior to being placed on experimental diets patterned
after those of the previous studies on nutrition of tapeworins (Addis and
(3’~aridler ‘44). The rats were placed on either the complete diet or the vit
amin deficient diet 17 days before infection with 10 cysticercoids of ~
diminuta. The animals were allowed 4 weeks for recovery from the operations
before any experiments were begun. It was noted that in gonadectomized
males the growth of the worms was stunted to the same extent as was found in
normal female hosts on a deficient diet reported earlier by Q~andler (‘43),
This condition persisted even jn male hosts kept on a complete diet which
suggested to the investigators that testosterone was essential for normal
growth of worms in male rats. C~atration also reduced the number of worms
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established. ~4hen castrated animals were given testosterone by mouth or
injection on either complete or deficient diets, the worms grew in a normal
manner. On the administration of female sex hormones to castrated males,
progesterone was found to be as effective as testosterone, however, its ad—
mininstration failed to prevent the stunting of the tapeworms. In castrated
female rats on a complete diet normal growth of worms occurred, but stunting
of worms was found in those rats on a deficient diet. ?~hen normal female
hosts on a deficient diet were given progesterone or stilbestrol the stunt
ing effect on the growth of the worms was not alleviated. The injection of
theelin into normal female rats and of progesterone into castrated female
rats, both on deficient diets, produced a significant increase in the size
of the worms although they did not measure up to normal. Testosterone,
either by mouth or injection, failed to bring about normal growth of the
worms in either normal or castrated female rats on a vitamin deficient diet.
Normal growth of worms in rats which were fed the diet deficient in the vita
min C complex was obtained only when the hosts were pregnant. From this
work the only definite conclusions drawn by Addis were that th tapeworms
were dependent upon testosterone for normal growth in male rats and that
progesterone could be substituted for testosterone. As to. female rats, preg
nancy supplied the factor needed by the worms for normal growth when the host
was on a G complex deficient diet.
Gtiandler, Read and Nicholas (‘50) repeated and extended some of the
studies on nutrition of ~ diminut~. (C2~and1er ‘39, 43; Addis and c1~andler
‘44, ‘46). Their purpose was to determine whether ~ diminuta obtains its
vitamins from the host, from bacterial synthesis in the intestine or by its
own synthesis. Thiamin was selected for experimentation since it is a
typical vitamin and because it is needed by all kinds of animals in their
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metabolism. A new diet was prepared to eliminate all traces of thiamin to
be fed to the experimental group. Adult male rats were used and infected
with 10 cysticercoids each, on the day they were put on their diet. Q~ the
19th day when autopsied the worms showed no ill effects from the thiamin
free diet. They were larger than the worms from hosts which received thiamin,
thus confirming the results of Addis and Q~and1er (‘44). After scraping the
small intestines of the rats on a thiaznin free diet, it was found that the
thiamin content of the intestinal mucosa was reduced by such a diet. V~en
parenteral injections of thiamin were given the thiamin content of the in
testinal mucosa was increased. Thiamin assays were also made of the feces
in order to measure the loss, if any, of thiamin from the intestines in cases
where excessive amounts were given, Parenterally injected thiarnin in exces
sive amounts did not increaSe the thiamin in the feces, however, after pro
longed elimination of thiamin from the diet of the hosts, the feces contained
a small amount of thiamin believed to be in the cells of micro—organisms and
not available to either the hosts or parasites. The thiamin content of the
worms, on assay, remained fairly constant regardless of the diet or paren
teral injection. In experiments using radio-active thiamin injected paren
terally, the thiamin in the tapeworms and in the intestinal mucosa were
identical as to specific gravity. The authors concluded that the thiamin
in the wormS was obtained from the tissues of the host.
Beck (‘51) investigated the nutrition of & diminuta and observed the
effect of diet upon a singly established worm using a technique involving
egg counts. The establishment of single worm infections eliminated the ef
fects of cro~Iing, Male and female white rats were maintained on either
complete or deficient diets according to whether they were control or ex
perimental, respectively. Brewer’s yeast was included in the complete diet
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since it contained factors necessary for normal growth of worms as found
by Addis and ~-iandler (‘44). In order to maintain the health of the host
vitamin B complex was added to the deficient diet. Eighteen to 20 days
after infecting daily, egg counts were made for 14 days, after which the
control rats were autopsied in order to determine whether or not single
infections were present. In the experimental group other treatment such as
deficient diets were begun only after the 14th day. The results indicated
that in female rats on a deficient diet there was a drop in egg output in
about 30 days whereas male hosts on the same diet showed a comparable drop
in about three months. In male rats on a deficient diet there was very
little stunting of worm growth whereas in female rats on the same diet the
worms were significantly smaller. Administration of vitamin B12 failed to
raise the egg output in female rats on a deficient diets but male dog bile
given to both male and female hosts increased egg output, however, this ef
fect diminished in the females which resulted in a decrease in egg output.
Beck (‘52) used the same technique of egg counts to study the effects of
gonadectomy and gonadal hormones on singly established ~ diminuta in male
and female rats. The rats were operated on after establishement of the worm
and the normal level of egg production had been attained. The complete and
deficient diets of a previous work (Beck ‘51) were fed to the animals. A
decline in egg output was evident in castrated males on a complete diet,
and it was comparable to that observed in normal male hosts on a deficient
diet. Castrated males on a deficient diet showed a decline in the number of
eggs eliminated which was comparable to that observed in normal female hosts
on a deficient diet. Testosterone and progesterone restored the egg output
to normal in castrated male hosts. Progesterone was ineffective in rmal
female rats on a deficient diet, whereas testosterone produced an effect
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similar to that produced in male hosts. The number of eggs eliminated
was increased on the administration of chorionic gonadotropin to normal
male and female rats on a deficient diet, but this effect was not produced
in gonadectomized hosts. Beck postulated that a stimulation of testos
terone production in males and of estrogen in females may be a mechanism
for normal growth and reproductivity of ~ diminuta.
CHAPTER III
MATERIALS AND METHODS
The rats used in this investigation were of the Sprague-Dawley strain.
Three females and two males secured from Madison, Wisconsin, were mated
and their offsprings were raised in the laboratory to the appropriate
weight for experimental purposes. These animals were kept in small commer
cial type cages and in cages made in the laboratory with one—fourth mesh
hardware cloth. Rats infected with tapeworms and non—infected rats were
placed in separate cages. The diet of the rats consisted mainly of Gaines
krunchon cubes supplemented occasionally with lettuce, apples, carrots, and
codliver oil. Food was present at all times, and the rats were allowed to
eat ad libitum.
Cysticercoids of ~ diminuta were cultured in the meal beetle, j~
bolium confusum, which were maintained in the laboratory for that purpose.
The method employed in infecting the beetles was a modification of that
described by Goodchild (Unpublished) of Emory University. Large numbers of
eggs were obtained from the feces of an infected rat by using a collection
of the excrement accumulated over a period of 24 hrs. This was allowed to
stand in water in a sedimentation glass for approximately 1 hr., or until
softened. By using a glass stirring rod the feces was mashed and mixed with
water to form a homogeneous mixture which was strained through one thickness
of gauze. The residue left in the meshes of the gauze was discarded and the
liquid was then mixed with a supersaturated salt solution in another sedi
mentation glass. After the mixture was allowed to stand from 20 to 30 mine.
in the sedimentation glass, the eggs floated to the top. The eggs were re
moved by means of a pipette and transferred to another sedimentation glass
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which contained water. The eggs sank slowly to the bottom in about 45 mine.
The superriatant was decanted, arid in order to remove all traces of the salt,
the glass was carefully filled with water and the process repeated several
times until the supernatant was clear. The concentrated egg mass was trans
ferred to a small beaker and mixed well with finely chopped oatmeal to
form a thick paste. Small pieces of paper towel, on which some of this
oatmeal—egg mixture was spread, were placed in Petri dishes with beetles
which had been starved for two or three days prior to this feeding. The
beetles were given oatmeal—egg mixture every day for 5 days. Nineteen days
after the first day of feeding some of the beetles were sacrificed and
cysticercoids were recovered from the body cavity. As many as 9 cysticercoids
were found in some beetles.
For the hypophysectomies the Ara Mura Method was used which constitutes
going through the ear with a needle attached to a syringe until the pituitary
is reached and then drawn out. A 5 cc. capacity syringe and B—D Yale Luer~
Lok, thin walled needles were the only instruments required. The size of
the rat determined the gauge of the needle. An 18 gauge needle was used on
the rats which weighed 100 gms, or I~re, whereas, it was necessary to use a
much smaller needle of 23 gauge on the rats which weighed 50 gms.
The operations were performed in the following manner. The animals were
anesthetized with ether and placed ventral side down on the table with the
nose pointed toward the operator The needle, attached to the syringe which
contained two cubic centimeters of water, was pushed through the ear at an
angle pointed slightly toward the nose of the rat. Sounds of the torn tym
panic membrane and broken cartilage and bone indicated the depth of the nee
dle0 1~hen the region of the sella tursica was reached, the needle encountered
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less resistance because of the softness of the pituitary gland. The needle
was slowly, withdrawn while the piston of the syringe was simultaneously
pulled out. In this way, the fragmented pituitary gland was drawn into the
syringe along with blood, and in some cases, portions of the brain. This
was inunediately emptied into a small beaker which contained a small amount
of water. The anterior lobe of the pituitary gland appeared to be slightly
pink and the posterior lobe appeared a shade pinker as over against the
brain tissue which was white0 Usually, profuse bleeding accompanied this
operation, but was easily stopped by inserting cotton in the ear0 Whenever
large amounts of blood were lost, the rats were kept warm for a short period
under a lamp in order to prevent shock. It was found better to perform the
operation only once, even if the animal was only partially hypophysectomized.
The experiments were divided into 5 groups. Each group contained a con
trol rat and one rat which had been hypophysectomized. Both were fed the
oatmeal-egg mixture as a means of infecting them with the cysticercoids.
This process was carried out by using a very small pipette which contained
the desired number of cysticercoids. The pipette was placed far back into
the mouth of the rat and the cysticercoids were forced out and into the ali
mentary tract. The cysticercoids were allowed to develop into worms for a
period of 19 days after which the rats were autopsied in order to measure
the worms. The total volumes of the worms were taken by putting them into a
burette partially filled with a physiological salt solution. A reading was
taken before and after the introduction of the worms, and the difference was
calculated which represented the volume of the worms. The length and
breadth were measured in millimeters. Measurements for the breadth were
taken in the region of the more gravid proglottids.
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The groups were as follows s
Group I consisted of two adult female rats, the control and the hypophysec—
tomized9 which weighed approximately 280 gms. each. Each was infected
with 6 cysticercoids
Group II contained two males which weighed approximately 135 gms. each.
The control rat and the hypophysectomized rat were given 4 cysticer—
coids each.
Group III contained two female rats. The control weighed 115.0 gins, and
the hypophysectomized rat weighed 116.5 gins. Each was given 4 cysti
cercoids.
Group IV contained two females which weighed slightly over 50 gins. Each
was given two cysticercoids




In each case the results are given in relation to the length and
breadth of each worm, and according to the number of worms recovered.
These results are summarized in Table 1.
Group I.--Six worms were recovered from the jejunum of each rat which
indicated that each cysticercoid had established itself within the intes
tines. The total volume of the worms from the hypophysectomized rat was
2.0 ml,, while the worms from the control rat had a total volume of 2.8 ml.
which indicated a difference of 0,8 ml, or 40%. The average width of the
worms from the control rat was 2.0 mm. and the average width of the worms
from the hypophysectomized rat was 1.5 mm. which indicated a difference of
33.33%. The average length of the worms from the control rat was 210 mm.,
and the average length of the worms from the hypophysectomized rat 185 mm.
which indicated a difference of 13.5%.
Group II.——Although 4 cysticercoids were given each rat three worms
were recovered from the control rat and only one worm was recovered from
the experimental. In the latter case the worm had established itself in the
duodenum rather than the jejunum. The total volume of the worms from the
control was 1.50 ml., and the volume of the single worm from the experimen
tal was 0.60 ml. The average volume per worm of the control was 0.50 ml.
indicating a difference of 0.10 ml., or 20%. The average width of the worms
from the control was 2.5 mm. and the width of the worm from the experimental
was 2.5 mm. which indicated no difference. The length of the worm from the
experimental animal was 400 mm., while the average length of the worms from
the control was 200 mm. which indicated a difference of 100%.
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Group III.-—Four cysticercoids were given to each rat and 4 worms were
recovered from their jejunums. The tapeworms in the control rat had a
total volume of 2.40 ml. which was 71.4% greater than that of the worms
with a volume of 1.40 ml. harbored by the experimental rat. The average
width of the worms from the control was 2.5 mm., while the average width of
the worms from the hypophysectomized rats was 1.5 mm. which indicated a dif’
ference of 1.0 mm. or 66.6%. The average length of the worms from t e co —
trol animal exceeded that of the worms from the experimental animal by 51.2%.
Group IV.——Although each female, the control and experimental, had re’
ceived two cysticercoids, only one worm was found to have established itself
in the jejunum of each. The volume of the worm from the control rat was
0.80 ml. and that from the experimental rat was 0.70 ml., representing a
difference of 14.28%. The width of both worms was 2.0 mm., while the length
of the worm from the control rat was 23.9% longer than that of the worm from
the experimental rat.
Group V.——Both rats, control and experimental were given two cysticer
coids and two worms were recovered from the jejunum of each. The total
volume of the worms from the control was 1.50 ml., while that from the ex
perimental was 0.80 ml. which indicated a difference of 0.70 ml. or 87.5%.
The average width of the worms from the control rat was 100% greater and




It may be seen from the Experimental Results that the tapeworms re
covered from the hypophysectomized rats were smaller than those from the
control rats in Groups I, III, IV, and V. The one exception occurred in
Group II.
The worms were found established in the jejunums of control and hy
pophysectomized rats, in all groups except in Group II, where the single
worm In the hypophysectomized rat was attached to the mucosa of the duodenum.
The duodenum is considered by two investigators, (Smyth ‘47) and (Read ‘50),
to be the nost favorable area in the intestine for attachment of a tapeworm,
because the parasite does not have to contend with the vigorous movements
characteristic of the jejunum and the ileum0 The worm in the experimental
rat of Group II not only occupied the most favorable area, but it also had
both surfaces exposed to the mucosa since no other worms were present.
Therefore, it was in an advantageous position for obtaining oxygen and nu
trition from the Intestine. The three worms recovered in the control rat
not only occupied a less favorable position, but the small lumen of the in—
testine was crowded. The presence of three worms made it impossible for
both surfaces of any worm to be in contact with the mucosa. It might be
noted, however, that in spite of the fact that the single worm from the ex
perimental rat was 100% longer than any recovered from the control the vol
ume was only 20% greater. Read, after many studies on ~ diminuta, con
sidered volumetric measurement to be the nost reliable, and he, along with
a collaborator (Read and Voge ‘54), presented this method in a study in
which it was the only form of measurement used.
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The volume of a worm would depend upon the amounts of stored carbohy
drates, •fats, proteins, musculature, and the eggs in the posterior pro—
glottids. Greater length and width would mean an addition of these sub
stances. In Group II, the experimental rat harbored a single worm equal in
width to each worm recovered from the control rat. The 100% additional
length would be expected to produce a similar addition in volume.
On examination of the volumes and lengths in the other groups, it was
found that when there was an addition in the length of the worms there was
an even greater addition in volume in all cases except one. In Group I,
the worms recovered from the control were 13.5% longer and 40% heavier.
Group III contained worms from the control which were 51.2% longer and 71.4%
heavier. The worms recovered from the control in Group V were 46.34% longer
and 87.5% heavier. It may also be seen from Table 1 that in Groups I, III,
and V, the worms from the control were 33.3%, 66.6% and 100% wider, respec
tively. There were two instances in which the worms from the control and
experimental rats were equal in width, as may be seen in Groups II and IV.
The principal findings, however, point to the fact that the worms from
the control rats were greater in volume than the worms from the experimental.
Such differences may have been produced by increased musculature, carbohy
drates, fats, proteins, eggs or some combination of them. Smyth (‘47) re
ported that ~ diminuta has a very high content of polysaccharides, includ
ing glycogen, a high fatty acid content and a protein content less than the
sum of the glycogen and fat content. Because of the high content of stored
polysaccharides, ~ diminuta is dependent upon carbohydrates in the diet of
the host as reported by Qiandler (‘43). ~1andler also postulated that the
wCrfli received proteins by absorbing them from the musosa of the host. Read
(‘56), in a study on carbohydrate metabolism of cestodes, reported evidence
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that ~ diminuta cannot utilize polysaccharides or disaccharides. He also
found that glucose, and to a much smaller extent galactose were the
sources of the glycogen content of the worm.
The lower volume found in the worms from hypophysectomized rats in the
4 groups may have been the result of a reduction in storage of poly
saccharides. It has been noted that Friedman (‘53) reported a thinning of
the intestinal mucosa in hypophysectomized rats. Such a condition would
bring about a reduction in secretin which is necessary to stimulate the
pancreas to produce pancreatic juice. Several other investigators have in
dicated that hypophysectomy diminishes the production of secretin and pro
duces an atrophy of the pancreas. These include Dorchester and Heist (‘52)
who gave evidence that there was a lowered production of secretin after
hypophysectomy in rats. Barrett, Nishikawara, and Haist (‘55) hypophy
sectomized rats and observed a signific~int decrease in the concentration of
amylase and a decrease in the size of the pancreas. A reduction in the
amount of pancreatic juice would indirectly cause a reduction in available
glucose in the lumen of the small intestines This condition would be ex
pected to prevent the normal growth of the tapeworm.
Pancreatic juice also has a high content of other digestive enzymes
which act on proteoses, amide linkages of peptides and fats. If hypophy—
sectomy reduces the amount of secretin and, consequently, the amount of pan
creatic juice, the amount of available digested fats would also be reduced
in the intestinal lumens It has already been pointed out that ~ diminuta
has a high content of fatty acids stored, therefore, proper digestion of fats
by the host would be necessary for normal growth of the worm. For the same
reasons as given above there would also be a reduction in the amounts of
available digested proteins in the lumen, chandler (‘43), however, pointed
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out that the worm may receive its proteins by absorption from the mucosa
of the host, for lack of proteins in the diet caused a reduction in the
weight of the rat but had no app rent effect on the worin~
In this present study the worms from the hypophysectomized rats in
Group I, III and V had occupied the limiens of the intestines with other
worms WhiCh made it diffIcult for any worm to be in constant contact with
the mucosa except at the scolex. These worms were handicapped, therefore,
by too little oxygen as well as nutriments. The single worm in the experi
mental rat of Group IV was not exposed to the possible effects of cro~ding,
but a thinnrng of the mucosa may have resulted in a decrease in the am~unt
of oxygen available. This possible effect and the reduction of available
food produced a worm stunted in growth even though it was not to the same
extent as the worms in Group I, III and V.
CHAPTER VI
SUMMARY AND CONCLUSIONS
1. Five groups of white rats of the Sprague—Dawley strain were used In
this investigation. Each group contained one control rat arid one
hypophysectomized rat.
2. The control rat was given the same number of cysticercoids as its
experimental partner.
3. Autopsies were made 20 days later in order to recover and measure
the tapeworms.
4. In all cases, except one, the worms in the hypophysectomized rats
were smaller.
B0 It is postulated that in the case of this exception there may have been
two factors responsible. This single worm was established in the duo
denum which is the nDst favorable position. It was found that three
worms were present in the jejunum of the control which may have pro
duced the possible effect of crowding.
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TABLE 1
SUMMARY OF EXPERIMENTAL DATA
PRESENTED IN CHAPTER IV
Grour Condition Sex No. No, of WOrms Avg. Vol % Dif Avg. Width % Dif. Avg. Lengtt % Dif.
No. of Cysticercoide ~ecovered of Woxins of Worms of Wcnns
Animal — — Given ml. mn. mm.
C 6 6 0.466 2.0 210
I 40 33.33 13.5
H** 6 6 0.333 105 185
C 4 3 0.50 2.6 200
II 20 0 100
H 4 1 0,60 2.5 400
C 4 4 0.60 2.5 590
III 71.4 66.66 51.2
H 4 4 0.35 1.6 390
C 2 1. 0.80 2.0 570
IV 14.28 0 23 9
H 2 1 0.70 2.0 460
C 2 2 0.75 3.0 600
V 87.5 100 46.34
H 2 2 0.40 1.5 410
M
0%
*Control
**Hypophyseotomiz ed
